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In the past few yesxs, resesrch programs on controls have been
expanded to include systematic.transonic and supersonic investigations
of new types of control devices and to adapt the controls developed
through subsonic research to the supersonic regime. The results now
available are sufficiently extensive to warrant an evaluation of the
progre=s to date and to establish certain trends. The data presented
in the present paper are used to.outline these trends rather thsn to
give a“completel.ycomprehensive smmary of the available data. A
bibliography of references, however, is included.
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-C pressure

static pressure

P~ local surface pressure

P pressure coefficient, ?22?
~

x chordwise distance from Wing-section leading edge

c wing chord

‘% total control

Cf control chord

chord

behind hinge line

E wing mean aerodpamic chord
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control mean aerodynamic chord

wing sehspan

semispan-wing area

total control area

control area ahead of hinge line

moment of control area behind hinge line about hinge line

wing angle of attack

control deflection relative to wing

semispan-tig lift

semispan-wing rolling moment

semispan-wing pitching moment about 50-percent station of wing
mean aerodynamic chord

control hinge moment about hinge line

lift coefficient, L/qS

rolling-moment coefficient, L’/q2Sb

pitching-moment coefficient, M’/qSE

control hinge-moment coefficient, defined as H/q2Q for flap
controls and H/qS@c for tip controls

Slope parameters:
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All slopes were obtained at a = 0° and 5 = o“.

DISCUSSION

The fundamental reqtiement of a control, at any speed, is that
it produce the necesssry lift, pitching moment, or rolling moment to
control the aircraft in flight. Considerable testing of controls at
high speeds has shown that the desired effectiveness can usually be
obtained without difficulty. Since the supersonic theory for predicting
control effectiveness is cumbersome and the assumptions sre often not
well-supported by experiment, simpler methcds of esthnating the control
effectiveness are desired. It is to be expected that, to a first order,
the lift of a control is directly related to the area of the control,
and the moment of the control forces about a given axis is dtiectly
related to the moment of the control area about that axis. This simple
conceyt is substantiatedby data presented in figures land 2 which
show the results of tests in the Langley 4- by k-foot supersonic pres-
sure tunnel at Mach number 1.61 of a delta wing and of a trapezoidal
wing. In these figures, the slopes of the curves of lift, roUing-
moment, and pitching-moment coefficients with control deflection we
plotted as functions of the control area, control-area moment about
the roll center, and control-area moment about the pitch center, respec-
tively, for the control configurations tested. It is evident that to a
ftrst order it is possible to estimate from these correlations the effec-
tiveness of any control on the wings shown, regardless of control plan
form. Stmilar results have been obtained for wings of other plan forms
(refs. lto 3). Some flight results (ref. 4) indicate that correlations
may not be obtainable for some controls on high-aspect-ratio, highly
swept wings.

In view of the fact that satisfactory control effectiveness can be
obtained and usually can be esthnated, a primsry objective of research
on controls at the present time is to develop methods for balancing the
forces acting on the controls to improve the hinge-moment characteristics.
In order to reduce the magnitude of the control hinge moments, several
methods have been used, such as overhang nose balances, horn balances,

—---- —— —.—.— . ..—..— —.—.— —— -- -
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tip contiols;-all-movablew@s, tabs, and paddle balances. Until
recently, very few data have been available on overhang balances at
high speeds; however, recent transonic and supersonic tests of traillng-
edge controls having various smounts of overhang nose balance have been
made on the transonic bump in the Langley high-speed 7- by 10-foot tun-
nel and in the Langley 9- by 12-inch supersonic blowdown tunnel. Fig-
ure 3 shows the variation with Mach number of the hinge-moment-parameter
slopes with control deflection and with angle of attack for the two
etieme test configurations, one having no overhang balance and the
other having 100-percent balance. Data for the configurations having
a balance area between O and 100 percent faJ3 between the curves shown.
Throughout this paper, percent balance is defined as the ratio of con-
trol area shead of the hinge line to control area behind the hinge line,
expressed as a percentage. For this type of control, the hinge-moment-
coefficient slopes, which sxe based on.the moment of the control area
behind the hinge line, have been converted to hinge-moment-parameter
slopes, which are based on the moment of the total control m= about
the control leading edge, in order to make the data for the two con-
trols directly comparable. It should be noted that all the tests were
made with a rounded leading edge on the control and that the 9- by 12-
inch-tunnel data were obtained on a wing mounted on a half-body, which
may explain some of the discrepancies in the data from the two tests.
In general, the data indicate that the nose balance is effective in
changing the hinge moment due to control deflection throughout the
speed range tested. The nose balance causes a much larger change in
hinge moment due towing angle of attackat supersonic speeds than at
subsonic speeds. Since these slopes-were obtained at a control deflec-
tion of 0° and an angle of attack of 0°, it appears that, in order to
gain more insight Into the effectiveness of the nose balance at subsonic
and supersonic speeds, it will be necessary to consider the effect of
control deflection and angle of attack.

Figure 4 shows for a Mach number of 0.60”and aMachnuniber of 1.96
the variation of the hinge-moment parsmeter with control deflection at
an angle of attack of 0° and with angle of attack at a control deflec-
tion of 0° for the two control configurations discussed in the previous
figrme. In both the subsonic and supersonic cases, the unbalanced con-
trol, as designated by the solid c~s, has fairly linear character-
istics and for the Mach numbers shown there is ODJYa small change in
slope due to Mach number of the hinge-moment cmve with control deflec-
tion near 5 = OO. For the 1~-percent-balanced control, the subsonic
curve shows a large balancing effect with increasing control deflection

at the smalJ deflections. At supersonic speed, the 100-percent-balanced
control shows less balancing action than it did at subsonic speed. Other
data at angles of attack have shown that at supersonic speeds the bahnce
is tieffective at positive control deflections when the nose of the con-
trol lies in the dead-air region behind the wing but has a stroqg balanc-
ing effect at negative control deflections when the control nose is

I -.
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exposed. At all the test angles
ante is less at subsonic than at
tion is OO.

of attack, the effect of the nose bal-
supersonic speed when the control deflec-

Since at supersonic speeds the dead-air region from the wing seems
to be important, it would appear that changes in wing section to mini-
mize this region would improve the balancing effectiveness of this type
of control. The results of two-dimensional tests in the Langley 9-inch
supersonic tunnel at a Mach nuniberof 2.4o, in which changes in section
were made? are shown in figure 5. The hinge-moment-p~ter slopes,
which were taken from fairly linear curves, are plotted as functions of
the ratio of control balancing area to total contiol area. Models were
tested for two of the sections with different balance-area ratios as
shown by the curves. Models of all four sections for a balance-=ea
ratio of 0.375 were tested. For these tests an area ratio of approxi-
mately 0.6 would be required to balance the h3nge moment due to con-
trol deflection for the basic configuration (denoted by the solid curve);
whereas a ratio of 0.4 is all that is required to balance the hinge
moment due to angle of attack. The changes in section had only a minor
effect on the hinge moment due to control deflection, contrary to what
might have been expected, and had considerable effect on the hinge moment
due to angle of attack.

h figure 6, pressure distributions are presented for a typical
section modification, in this case wing bevel, to illwt~te this phenom-
enon in more detail. The solid curves indicate the pressm miation
along the chord on the upper surface and the dashed curves show the pres-
sure variation on the lower swface. The left-hand side of the figure
shows the effect of a change in section on the pressure distributions
due to a lsrge control deflection at an angle of attack of 2°. In this
case, beveling the wing ahead of the control increased the load on the
balm”ciug portion of the control, but it also increased the load on the
control behind the hinge line so that the net effect on the hinge moment
was negligible.

The right-hand side of the figure shows the effect of a change in
section on the pressure distribution due to an angle of attack of 8°
with a coptrol deflection of OO. In this case, there is little change
on the upper surface; however, the lower-surface peak-pressure point
moves forward and increases in intensiw. Behind the hinge line there
is some forward shift in the center of pressure of the load. The restitmt
hinge mcmientis therefore much more positive because of the modification

of the wing section. lm.otherwsy of increasing the bslancing action of
the overhang-nose-baluce control is to increase the gap between the wing
and the control so that the control behaves more like an isolatedwlng.
However, such a modification results in a drag penalm,. as do the W-
fications to the wing section.

.—
-. .——.——.—-
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A second method for reducing the hinge moments obtained on trailing.
edge controls at supersonic speeds is to add a horn balance, ahead of
the hinge line, to the outboard portion of the control. Figure 7 shows
a correlation of hinge-mmnent-slopepsrsmeters at M = 1.6o obtained from
recent tests of horn-balanced controls b the Ames 6- by 6-foot super-
sonic tunnel (ref. 5), tests h the C.I.T. Jet Propulsion Laboratory
M-inch supersonic tunnel (refs. 6, 9, smd 16), sad on a k@.ey pilot-
less Aircraft Research Division rocket researched.el (refs. 17 sad 18).
The correlation with the ratio of control-bslance area to total control
mea is approdmately linear, even though both triangular horns and rec-
tangular horns are included on delta wings having leading-edge sweeps
from 600 to 75°. As compared to the overhang nose balance, the balancing
horns sre considerablymore effective in reducing the hinge moments due
to control deflection and angle of attack. A horn of 0~ one-third the
control area balances %5 smd a horn of only 17 percent of the control

area balances
Ck

for this Mach number condition. With this type of

control, it is of course impossible to balance both %5 and C%

closely with one bslance configuration.

Still another methcd of reducing the control hinge moments at super-
sonic speeds is to use tip controls, in which the Mnge-line locationmsy
be chosen to bslance the forces acting on the control. Figure 8 presents
recent data on 600 half-delta tip controls on a 600 delta wing from
=eY pilotless ~rc~t Research Division rocket tests (ref. 28) and
tests in the Langley 9- by 12-tnch supersonic blowdown tunnel (refs. 29
and 30), the Langley k- by ~foot supersonic pressure tunnel (ref. 13),
the Langley 9- by 9-inch Mach nuniber4 blowdown jet, and the Langley
ll-tich hypersonic tumnel. These data extend the speed range for which
tip-control data were previously available to the hypersonic region and
increase the range of balances tested. For comparative purposes, exper-
imental curves are also shown for the hinge-moment-slope parameters of
a 30-percent-chordtrailing-edge control obtained frcnntwo-dimensional
tests in some of the same test facilities (refs. 20 to 22). Ih genersl,
the hinge-momm.t-sloy parameters for the tip controls vary with shifts
in the hinge-line location in a systematic manner, as would be expected.
The Unear-theory curve is shown for the 55-percent-balance condition,
which corresponds to the square test points of the expertintal data.

hview of the interest shown in data at the highest available Mach
number, figure 9 shows in more detail the hinge-moment characteristics

with control deflection and angle of attack for the two types of controls
tested at a Mach number of 6.90. The hinge-moment-coefficient scales are
different for the two controls and the characteristics are not directly
comparable because of the differences in moment areas on which the coef-
ficients are based. The linear-theory curves are shown for the rsmge of
test Em@es, although the linear theory is obviously invalid at this Mach
number except for very smaU angles and extremely thin wings.

Q&@@&siiEjgfsiiEi!n
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The shock-expansion theory gives a reasonable prediction of the
hinge-moment-coefficientvariation with control deflection for the
trailing-edge control @ gives excellent prediction of the variation
of hinge-moment coefficient with angle of attack. For the tip control,
the shock~expansion theory, ccmputed by asswing that the flow over the
control was completely two-dimensional, provided an excellent prediction
of the hinge-moment characteristics at the smaU angles. The ldnear-
theory agreement with the shock-expansiontheory at the small angles is
fortuitous as a result of the section of the particular control tested.

The agreement between shock-expansion theory and experiment for the
control hinge-moment coefficient due to control deflection, shown in
this figure, tends to give sm overly optimistic impression of our ability
to predict the flow characte’fisticsat this Mach nuniber. Figure 10 shows
the experimental smd shock-expansionpressure distributions’for the
trai~ng-edge control, first ~th a control deflection of 16° andan
angle of attack of 0° and second with an angle of attack of 16° and a
control deflection of OO. The prediction of the angle-of-attack effect
is very good; however, the prediction of the control-deflectioneffect
is poor. On the wing lower surface, the flow separates ahead of the
hinge line and then gradually ticreases in pressure to the trailing edge.
The effects on the Mnge moment of the discrepancies between experhental
and theoretical pressure distributions are of a compensating nature and
therefore the experimental loss fi hinge moment is considerably less than
the experimental loss in lift. A similar investigation of the flow
details for the tip-control case is needed to understand better the valid-
ity of the theoretical predictions at this &ch nuuiber.

To study more closely the effect of chsmges in tip-control hinge-
line location and plan form at lower Mach numbers, extensive tests have
been made in the Langley h- by k-foot supersonic pressure tunnel (ref. 13)
and in the Langley 9- by I-2-inchsupersonic bluwdown tunnel (refs. 29
and 30 and unpublished data). The correlation of the h~e-mament-slope
parameters with area ratio at a Mach number of 1.6 for the 10 configura-
tions tested is presented in figure Il. from this figure it is evident
that the slope parameters correlate satisfactoril.ywith area ratio,
despite the secondary effects of plan form, which cause some scatter of
the points. The tip controls maybe balanced at this condition for an
area ratio near 0.4, and the ratio for balancing Chb is very close to

the ratio necessary to balance ~.

The balancing of control hinge moments at a control deflection of 0°
andan angle of attack of 0° is likely, however, to prove misleading in
view of the effect of angle of attack and control deflection. The most
closely bsAnced controls tend to have the most nonlinear hinge-moment
characteristics. Figure 12 shows the hinge-moment-coefficientcurves
with control deflection at several angles of attack for a 55-percent-

. balanced control at aMachnmber of 1.61. As the angle of attack is

.— .-——. .—..—. -——— ---—
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increased to 32°, the curves become increasingly nonlinear and in Borne
regions the control is overbalanced. On the right-hsmd side of the fig-
ure, the hinge-moment curves for a control lwdng less balance show an
increased slope but no regions of overbalance with control deflection.
In sm attempt to reduce the nonlinearityies, a fence was installed at
the wing-control parting line to prevent crossflow through the angular
gap due to deflection of the control (ref. 34). When this fence was
inst=ed, the average effect was an improvemeti in the linearity of the
curves. A similar linearizing effect of the fence was also found in tip-
and horn-bslanced-controltests in the Langley 9- by X2-inch supersonic
blowdown tunnel (refs. 30 and 14).

Other balancing devices which have been tested, but w!oichare not
discussed in detail here, sre the paddle balances, tabs, and all-movable
controls. The paddle bslances (ref. 5) are very effective at supersonic
speeds in reducing C!hb and can be used alone to reduce

%
; however,

there is a very lsrge drag penalty associated with their use. Tabs
(refs. 33 and ~) are less effective at supersonic speeds than at sub-
sonic speeds in balancing the hinge moments and require large deflections.
All-movable delta controls appear encouraging at supersonic speeds because
there is very little shift of the center of pressure with body angle of
attack or wing deflection; however, there is a large shift in center of
pressure through the transonic speed range and the method of mounting
poses considerable problems.

CONCLUSIONS

Correlations have bee-nobtained, on the basis of shple geometric

Pammeters, Which permit quick estimates of the effectiveness and hinge-
moment characteristics of controls of any plan form or location on wings
of many plan forms at supersonic speeds. Closely balanced controls tend
to exhibit nonlhear hinge-mam-entcbacteristics with control deflection
and angle of attack. On tip and horn-balanced controls, a fence installed
at the wing-control parting line produces a linearizing effect.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., Septenher 1, 1953.
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OVERHANG NOSE-BALANCED CONTROLS
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EFFECT OF SECTION CtlANGES
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HORN-BALANCED CONTROLS
Mal.60

L
6WT0 75”

A

.02 r hi– ~_. L
7( To 75°

❑

NACA RM L53117a

1 I t 1
0 .1 .3 .4

sb:~

Figure 7

HALF-DELTA TIP CONTROL AND TRAILING-EDGE CONTROL

*o1- BALANCE PERCENT

@op2 * UNEAR 7HEORY

ch8 o ‘--
7(55% RALANCE)

---- ----- ----- —--- —------------—-
-

-.0[ - 34 Y 0 ./-—: —-
~#-

-.02 - /,
L t I I t t

\

.03-
BALANCE,

\

Cha
.01

UNEAR THEORY
f(SS% BALANCE)

o
55P -------- -— -—-+-—-—

-.01 -
-—-~

34A :/=———

<,
=E=

_.02 L i 1 t 1 I
2

I
3 4

M
5 6 7

Figure 8



— .— -.. . . —

NACA RM L53117a
C#

HIGH MACH NUMBER CHARACTERISTICS
M*6.90

o EWERIMENT
— UNEAR THEORY
---- SHOCK-D(PANSION THEORY

Figure 9

8=(P

I 1 1 1 t

K ‘\
~.

‘.

L-J_J-l
O 4 8 12 16

a,DEG

HIGH MACH N#h44~R PRESSURE DISTRIBUTIONS

-.1- cz=O: j-8=160 UPPER SURE4CE

Po

.1 -

.2 - {
LOWER SURFACE

.—

(r
-.1-

—

Q=16:; 8-0°

Po ‘--- - - ‘-” ‘--= - --y

.1 -

.2 -

.3 - / 00 —EXPERIMENT
---- ~:~(~EXPANSION

!4
t 1 I , , I t t t 1
0 .1 .2 .3 .4 .9 ,~ ~

.5x/c”6 .7 .8

Figure 10

19

..—. — —— — ——— .— —.—



20 wi~

.01r El+ECT OF TIP-CONTROL PLAN
M=I.6

NACA RM L53117a

FORM

P , t 1

Figure 11

HINGE-MOMENT NONLINEARITIES FOR TIP CONTROLS
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